ABSTRACT
Introduction
Patients submitted to surgery of the upper abdomen usually develop reductions in lungs' volume and capacity of about 40% to 60% 1 . These changes may provide a series of postoperative pulmonary complications, which are the main cause of morbidity and mortality, and may be aggravated by metabolic and immunological changes in response to surgical and anesthetic trauma 2, 3 .
In an attempt to reduce postoperative complications such as atelectasis and pneumonia, some authors have sought to provide staging lung physiotherapy techniques such as sustained deep inspiration. These breathing exercises can improve alveolar ventilation, oxygenation, favouring the removal of secretions, and also maximize exercise tolerance and decrease oxygen consumption [4] [5] [6] . Silva et al. 7 reported the use sustained deep inspiration respiratory pattern is described as the best method of prevention and treatment of postoperative pulmonary complications, as it generates an adequate trans-pulmonary pressure gradient. Olsen et al. 8 found that prophylactic respiratory physiotherapy reduces pulmonary complications and improves the mobilization and oxygen saturation after surgery. Preoperatively each patient underwent complete medical evaluation including history, physical examination and chest radiography and was also submitted to spirometry tests, hormones and cytokines dosages.
Sustained deep inspiration
The sustained deep inspiration was performed slowly by the nasal route, until reaching the maximum inspiratory capacity, and then this capacity was maintained for five seconds, this procedure was performed in three sets of ten repetitions, once a day. These exercises were performed preoperatively (24h before surgery), 24h and 48h postoperatively.
Pulmonary evaluation
Spirometry was performed by digital spirometer (MS- To compare the numerical data obtained were used for parametric Student t test and nonparametric Mann-Whitney test.
In the study of association between categorical variables we used simple frequencies and non-parametric tests of association such as chi-square and Fisher exact test. The significance level for all tests was 5% (α = 0.05).
Results
Spirometric results showed that the median values of forced vital capacity (FVC) were 70L/s (37-95) and 69L/s (41-85), respectively in the experimental and control groups, preoperatively.
48h postoperatively, the medians were 33L/s (12-64) and 27L/s (18-49), respectively in the experimental and control groups.
There was no significant statistical difference when comparing FVC obtained in both groups at any moment.
The median forced expiratory volume in one second (FEV1) were 67,5L/s (7-106) and 64L/s Regarding the serum ACTH, the median value of the subjects were 11pg/ml (10 to 58.8) and 10pg/ml (10 to 59.1) in the experimental and control groups preoperatively, respectively. 24h postoperatively, the medians were 10pg/ml (10 to 41.7) and 10pg/ ml (10 to 61.1) and 48h postoperatively was 10pg/ml (10-38.3) and 10pg/ml (10 to 24.5) in the experimental and control groups, respectively. There was no statistically significant difference in the values of serum ACTH levels between the analysed periods.
The median serum cortisol of the patients were 12,8mcg/ dl (4.6 to 50) and 10.4mcg/dl (1 to 29.1) in the experimental and control groups, preoperatively. 24h postoperatively, the medians were 23.6 mcg/dl (9.3 to 45.8) and 17.5mcg/dl (3.2 to 30) and 48h
postoperatively, these medians were 22,5mcg/dl (9.6 to 43.7) and 15.4mcg/dl (7.8 to 33), in the experimental and control groups,
respectively. There was statistically significant difference in serum cortisol levels 24h postoperatively, as it increased in the experimental group compared to the control group (p=0.049).
The median serum IL-4 levels of the patients were 16pg/ ml (1-187) and 13pg/ml (1-427) in the experimental and control groups, preoperatively. 24h postoperatively, the medians were 1pg/ml (1-183) and 4.2pg/ml (0-418) and 48h postoperatively the values were 1pg/ml (1-109) and 13.6pg/ml (1-467) in the experimental group and control respectively. No statistically significant difference in the values of serum IL-4 levels between the analysed periods.
The median serum IL-10 levels of the individuals were 1pg/ml (0-3120) and 8.9pg/ml (0-6420), the experimental and control groups, preoperatively. 24h postoperatively, the medians were 1pg/ml (1-2380) and 48.4pg/ml (1-5630) and 48h
postoperatively the values were 1pg/ml (1-1460) and 1pg/ml (0-1110), respectively. No statistically significant difference in the values of serum IL-10 levels between the analysed periods.
The median serum TNF-α of the subjects were 217pg/ ml (1-768) and 313pg/ml (1-1200), in the experimental and control groups preoperatively 24h postoperatively the values were 343,5pg/ml (73-1300) and 213pg/ml (61-1470) and 48h postoperatively the medians were 322pg/ml (61-1620) and Our study agrees with these results, since there were no statistically significant differences in the values of FEV1/FVC in the experimental group and control group. However, a less significant decrease was observed in FEV1 in the experimental group, 48h postoperatively, when compared to the control group, but without statistical significance. In this study, we detected a significant increase in plasma cortisol levels 24 postoperatively in the experimental group. This change may be related to a lower incidence of postoperative pulmonary complications in patients undergoing sustained deep inspiration, especially due to cortisol anti-inflammatory role 17 .
Though, other studies reported a significant increase in cortisol postoperatively in both groups independently of the procedure performed 15 .
Cytokines differ from endocrine hormones because are 
Conclusions
The sustained deep inspiration exercises may have contributed to control a further increase in cortisol levels, because the exercise avoided a deficit in pulmonary function and consequently a more intense response to the stress caused by surgical trauma.
